Abstract. The aim of the present study was to investigate the effect of interleukin-1β (IL-1β) and tumor necrosis factor α (TNFα) gene co-silencing in mouse gastric cancer (GC) cells. Respectively, three pairs of liposome-encapsulated IL-1β and TNFα small interfering RNA (siRNA) were transfected into the mouse GC cell line MFC. The most effective siRNA, as identified by reverse transcription-polymerase chain reaction, was used for co-suppression of IL-1β and TNFα genes. The activities of cell proliferation, colony formation and migration were determined by the Cell Counting Kit 8 method, colony formation assay and Transwell assay, respectively. Protein array analysis was performed to identify the differentially expressed factors. The possible signaling pathways of the various factors targeting the genes were identified by pathway enrichment analysis using KOBAS 2.0. siRNA1 and siRNAc were the most effective interference sequences for IL-1β and TNFα, respectively. Following co-transfection of siRNA1 and siRNAc, the expression of IL-1β and TNFα was inhibited at the mRNA and protein levels, and the cell proliferation, colony forming and migration abilities were reduced (P<0.05). The expression of inflammatory factors, including chemokine ligand 5, cyclooxygenase-2, IL-6, transforming growth factor β, IL-17A, matrix metallopeptidase 9 and stromal cell-derived factor 1α were also inhibited (P<0.05). These factors are mainly involved in the rheumatoid arthritis pathway, the intestinal immune network for IgA production, the TNF signaling pathway and the inflammatory bowel disease pathway. IL-1β and TNFα gene silencing inhibits the proliferation and migration of MFC. The mechanisms may involve multiple inflammatory factors that participate in the signaling pathways of tumor tissue inflammation, the immune
Introduction
Gastric cancer (GC) is one of the most common malignant tumors worldwide (1,2) with 22,220 new cases and 10,990 mortalities in 2014 in the United States (3) . Previous studies have confirmed that Helicobacter pylori (H. pylori) infection, inflammation, immune development and genetic factors are closely associated with human GC (4, 5) . H. pylori is responsible for inducing chronic gastric inflammation that progresses to atrophy, metaplasia, dysplasia and GC (6, 7) . The mechanism of H. pylori inducing GC potentially involves chronic inflammation (8) or the action of H. pylori virulence factors (4, 9) . Furthermore, genetic variation in the Fas signaling pathway is correlated with the risk of GC (10) . In addition, the GC-associated mortalities are mainly caused by postoperative GC cell migration in the peritoneum (11) , which may result from stress reaction, acute inflammatory reaction and inflammatory factor secretion, inducing cell adhesion and migration (12) . Thus, certain inflammation-related factors may be used to predict the prognosis of GC (13) , and a number of immunotherapeutic strategies have been developed for GC treatment (14) . Two significant inflammatory factors, namely interleukin-1β (IL-1β) and tumor necrosis factor α (TNFα), may be transferred to the trauma by macrophages and neutrophils, thereby promoting fibrin crosslinking and extracellular matrix remodeling, which help wounds to heal quickly (15) . IL-1β, a pro-inflammatory cytokine, plays an essential role in the generation and amplification of the inflammatory response of H. pylori, which strongly inhibits gastric acid secretion, causing gastric atrophy and finally inducing GC (16) . TNFα plays a crucial role in the inflammatory response and apoptosis of tumor cells (8) . It is a potent pyrogen, causing fever by direct action or by stimulation of IL-1 secretion, and it is known to stimulate cell proliferation and induce cell differentiation (17). TNFα promotes inflammatory cell infiltration by upregulating the expression of cell adhesion molecules in endothelial cells (18) , causing the accumulation of genotoxic inflammatory byproducts and increasing the incidence of gastric mucosal damage and mutations, thereby contributing to the development of GC (9) . Therefore, we hypothesized that suppressing the expression of TNFα and IL-1β genes could contribute to the treatment of GC. This study was designed to silence the expression of TNFα and IL-1β by co-transfecting small interfering RNA (siRNA) into the GC cell line MFC. (Table II) were designed by Primer 5 (Premier Biosoft International, Palo Alto, CA, USA) and evaluated by Oligo 6 (Molecular Biology Insights, Inc., Cascade, CO, USA). The total RNA was extracted by the TRIzol method (Invitrogen Life Technologies). The amplification conditions were as follows: initial denaturation at 95˚C for 10 sec, then 40 cycles of denaturation (95˚C, 3 min), annealing (56-65˚C, 5 sec), and extension (72˚C, 10 sec). The annealing temperatures for IL-1β, TNFα and GAPDH were 61˚C, 62˚C and 58˚C, respectively. Reaction products were separated by agarose gel electrophoresis and visualized by Multimager (Alpha Innotech Corporation, San Leandro, CA, USA). The amplification curves were analyzed and the expression levels were calculated using the 2 -ΔΔCt method. The expression of IL-1β and TNFα in transfected MFC cells at the protein level was assayed by western blot analysis with β-actin as a marker. Cells were lysed in RIPA buffer. The protein was isolated and quantified using the bicinchoninic acid (BCA) method. Fifty micrograms of protein equaling sample was loaded in the SDS-PAGE electrophoresis system. After the proteins were transferred to the membrane, the membrane was coated with primary IL-1β and TNFα monoclonal antibody (1:1000; Abcam, Cambridge, MA, USA) for 2 h, and then with secondary antibody (goat-anti-rat IgG; Abcam) for 2 h. Bands were developed by enhanced chemiluminescence (Pierce, Rockford, IL, USA). Images were visualized under a Bio-Rad imaging system (Bio-Rad, Hercules, CA, USA) and analyzed by NIH image analysis software (NIH, Bethesda, MD, USA).
Cell proliferation activity. The cell proliferation activity was measured using the CCK8 kit (Dojindo Molecular Technologies, Inc., Shanghai, China). The MFC cells were seeded in 24-well plates with lx10 4 cells/well. A total of 48 h later, CCK8 solution was added, and the optical density (OD) values at 450 nm were recorded 4 h later. The cell proliferation activity was calculated according to the following formula:
where OD cell is the OD value of the well with MFC and CCK8 and OD blank is the OD value of the well with medium and CCK8 but without MFC.
Cell colony formation assay. The cells at logarithmic phase were digested with 0.25% trypsin and diluted with DMEM containing 20% FBS to prepare a cell suspension of 1x10 6 cells/l. A 3 ml mixture of 1.2% agarose and 2X DMEM at a ratio of 1:1 was poured into a 6-cm culture dish. After cooling down, 0.2 ml cell suspension was mixed with another 3 ml mixture of 0.7% agarose and 2X DMEM medium (1:1) and then added to the dish. After incubation for 10-14 days at 37˚C in a 5% CO 2 humidified incubator, visible colonies were counted under an inverted microscope (Diaphot 300; Nikon Corporation, Tokyo, Japan). The colony formation rate was calculated using the following formula:
Transwell cell migration experiment. Cell migration was assayed by using the Transwell method. A volume of 100 µl cell suspension with 5x10 5 cells/l was added to the upper chamber of the Transwell with serum-free DMEM. The lower chamber contained DMEM with 10% FBS. The cells were incubated at 37˚C in a 5% CO 2 humidified incubator for 6 h and then washed twice with Ca-free phosphate-buffered saline (PBS). After fixing in formaldehyde for 30 min, the Transwell was dried at room temperature and the cells were stained with 0.1% crystal violet. The non-migrated cells were removed from the upper surface of the membrane by a cotton swab and then the Transwell was washed three times with PBS. Five fields were randomly selected under the microscope (x400 magnification) to calculate the migration rate.
Protein array technology to assess the expression of inflammatory factors. Proteins were extracted with RIPA buffer, and proteomic analysis was performed using an AAM-CUST-G1 protein chip (RayBiotech, Inc., Norcross, GA, USA). The expression of proteins was determined by the BCA method, and samples with a concentration of 500 µg/ml protein were prepared. The glass slides were spotted with antibodies of 40 inflammatory factors (shown in Table III) with two repeats for each factor. After blocking with blocking buffer, each slide was incubated with 100 µl protein extracts at 4˚C overnight. The slides were washed four times for 5 minutes each time, and incubated with biotin-conjugated antibody at room temperature for 2 h. After washing again, the slides were incubated with fluorescent-labeled streptavidin at room temperature for 1.5 h. The intensities of the fluorescence signals of the microarray were measured using a laser microarray scanner (Axon ® Genepix Professional 4000B microarray scanner, Molecular Devices LLC, Sunnyvale, CA, USA) at 532 nm, and quantified using GenePix 3.0 software. The positive control was used to normalize the results from each slide. Statistical analysis. Data are presented as the means ± standard deviation (SD), and the comparisons between groups were performed by Student's t-test using SPSS 20.0 software (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference. Fig. 1A reveals that siRNA1 and siRNA2 significantly inhibited the expression of IL-1β at the mRNA level (siRNA1, P<0.01; siRNA2, P<0.05), while siRNA3 had no significant effect (siRNA3, P>0.05). Similarly, siRNAb and siRNAc, but not siRNAa, had a statistically significant TNFα silencing effect (P<0.05, Fig. 1B) . The most effective siRNA1 and siRNAc (200 nmol/l) were respectively used for the co-silencing of IL-1β and TNFα in MFC. Following co-transfection, the expression of IL-1β and TNFα was significantly inhibited at the mRNA and protein level, as determined by RT-PCR ( Fig. 2A) and western blot analysis (Fig. 2B) , respectively.
Results

IL-1β and TNFα silencing.
Effect of IL-1β and TNFα silencing on GC cell proliferation activity.
The results of the CCK8 assay demonstrated that the cell proliferation activity was significantly reduced following co-transfection with siRNA1 and siRNAc (IL-1β/TNFα group, 8.13±1.01%; control group, 78.18±3.11%; P<0.01; Fig. 3A) .
Effect of IL-1β and TNFα silencing on GC cell colony formation ability.
The colony formation assay demonstrated a colony formation rate of 12±1.12% in the IL-1β/TNFα gene silencing group, which was significantly lower than that in the control group (80±2.35%; P<0.01; Fig. 3B ).
Effect of IL-1β and TNFα silencing on GC cell migration ability.
The results of the Transwell assay indicated that the cell migration ability in the IL-1β/TNFα group (16±0.23%) was lower than that in the control group (86±2.7%) with a significant difference (P<0.01).
Effect of IL-1β and TNFα silencing on GC cell inflammatory factor expression.
The protein microarray analysis of 40 inflammatory factors revealed that there were seven differentially expressed proteins, including chemokine (C-C motif) ligand 5 (CCL5), cyclooxygenase-2 (COX-2), interleukin-6 (IL-6), transforming growth factor β (TGFβ), interleukin 17A (IL-17A), matrix metallopeptidase 9 (MMP9) and stromal cell-derived factor 1α (SDF-1α) when comparing between the IL-1β/TNFα group and the control group (Fig. 4) . The fold changes and P-values of these proteins are shown in Table IV .
Pathway analysis of low-expressed inflammatory factors.
KEGG pathway enrichment analysis revealed that the differentially expressed protein target genes were enriched in four signaling pathways, namely rheumatoid arthritis, intestinal immune network for IgA production, TNF signaling pathway and inflammatory bowel disease (IBD; Table V ). The most correlated pathway was the rheumatoid arthritis pathway; the downloaded visual pathway map from the KEGG database (http://www.kegg.jp/kegg-bin/show_pathway?map05323) is shown in Fig. 5 .
Discussion
Inflammation is strongly associated with tumor development, including GC (4, 6, 20) . Chronic inflammation induces immunosuppression and cancer (21) . This study focused on the effect of gene silencing of two inflammatory cytokines, IL-1β and TNFα, on GC cell growth. The results suggested that co-suppression of IL-1β and TNFα significantly inhibited the processes of MFC proliferation, colony formation and migration. Furthermore, seven differentially expressed proteins (CCL5, COX-2, IL-6, TGFβ, IL-17A, MMP9 and SDF-1α) were identified, and these were observed to be enriched in certain inflammation and immunity-related pathways (rheumatoid arthritis, the intestinal immune network for IgA production, TNF signaling pathway and IBD). These results indicate that co-silencing of the IL-1β and TNFα genes may be an effective option for the suppression of GC development by regulating the inflammatory, TNF and immune pathways. TNFα and IL-1β promote tumor cell proliferation and anti-evasion through activation of the nuclear factor-κB pathway (22) . The IL-l gene cluster, located in 2q13-24, consists of IL-1A, IL-1B and IL-lRN, which encode pro-inflammatory cytokines IL-1α, IL-1β and anti-inflammatory cytokine IL-1r, respectively (23) . Due to its genetic polymorphisms being associated with protein expression in regulatory sequences (24), IL-1 has become a candidate gene of GC (25, 26) . It is reported that individuals carrying the IL-1β and TNFα risk genotype are likely to suffer GC (27) . IL-1β promotes gastric atrophy through suppression of Sonic Hedgehog (28) . The upregulation of IL-1β, IL-8 and COX-2 in patients with chronic gastritis has a significant clinical implication in gastric carcinogenesis (29) . Saijo et al reported that secretion of IL-1β into the tumor milieu induces several angiogenic factors including CXCL2 and vascular endothelial growth factor from tumor and stromal cells, thus promoting tumor growth (20) . Furthermore, TNFα promotes tumor invasion and metastasis through the upregulation of chemokine CXCR4 and ICAM-1 expression (30) . Suppression of TNFα by siRNA nanocomplexes represents an efficient therapy for inflammatory diseases including IBD (31) . In this study, co-silencing of IL-1β and TNFα using a siRNA technique in vitro decreased the proliferation rate of cells, indicating that the IL-1β and TNFα genes are positive regulators in MFC cell proliferation. In addition, the IL-1β and TNFα gene silencing reduced MFC colony growth activity and migration capacity. This may be due to TNFα and IL-1β transferring to the wound by macrophages and neutrophils, and promoting adhesion between GC cells and peritoneal tissue (15) . Following inhibition of IL-1β and TNFα, the expression of several inflammatory cytokines, including MMP factors, COX-2, SDF-1α, IL-6, TGFβ and IL-17A, were significantly reduced. TNFα and IL-1β are the upstream genes of MMP, COX-2, IL-6 and IL-17A. Accumulation of MMP and COX-2 induces secretion of SDF-1α, which further promotes inflammation and angiogenesis (32) . TGFβ promoted GC cell proliferation, invasion and metastasis (33, 34) . CCL5 plays a key role in cancer cell invasion and tumorigenic effect (35) . In addition, the pathway enrichment analysis indicated that these genes were enriched in the inflammatory, TNF and immune pathways. These results have prompted the hypothesis that the mechanism of IL-1β and TNFα gene silencing in GC cell proliferation and migration may involve the inflammatory . Fluorescence scanning image of the protein microarray in the (A) interleukin-1β/tumor necrosis factor α group and (B) control group. 1, chemokine ligand 5; 2, cyclooxygenase-2; 3, interleukin-6; 4. interleukin-17A; 5, transforming growth factor β; 6, matrix metallopeptidase 9; 7, stromal cell-derived factor 1α. and immune pathways. Other studies have indicated that TNFα/TNFR1 signaling promotes gastric tumorigenesis through the induction of NADPH oxidase organizer 1 and guanine nucleotide-binding protein subunit α14 in tumor cells (36) . In addition, other genetic factors have also been demonstrated to affect the susceptibility of GC, including the prostate stem cell antigen gene and Mucin 1 gene in the Japanese population (37) and zinc finger and BTB domain containing 20, protein kinase AMP-activated α1 catalytic subunit and phospholipase C ε1 in the Chinese population (38, 39) . Further research is warranted to understand the mechanisms and explore effective treatments for GC.
This study demonstrates that IL-1β and TNFα play a critical role in the process of MFC cell proliferation, migration and invasion, and that silencing of IL-1β and TNFα genes could inhibit these processes. These results suggest that IL-1β and TNFα gene silencing may be an effective approach for the treatment of GC.
